The Pictet-Spengler reaction of substituted tryptamines with cyclic ketones using glacial acetic acid afforded only one diastereomer of unreported 1,1,4-trisubstituted-2,3,4,9-tetrahydrospiro-β-carbolines. The stereoselectivity in the reaction has been demonstrated using unsymmetrical ketones and single-crystal X-ray analysis of one of the spiro products in the form of base, its sulfate and hydrochloride salts, which indicated the formation of only the R,R diastereomer.
Introduction
Tetrahydrospiro-β-carbolines (THSβCs) are important indole alkaloids since they show various biological activities like anticonvulsant, 1 antispasmodic activity, 2 GHSR inhibitory activity with Ki = 60 nM, 3 receptor affinity, 4 and antidepressant activity. 5 The Pictet-Spengler reaction 6 has been extensively studied in the areas of synthesis of different biologically important heterocyclic systems. 7 Asymmetric Pictet-Spengler reactions have attracted much attention, [8] [9] [10] [11] [12] [13] [14] [15] because it is an important and useful tool to construct chiral synthons containing tetrahydro-isoquinoline or tetrahydro-β-carboline (THβC) structural moieties. Therefore, the main challenge of this cyclization is stereoselectivity and the ratio of isomers. Different conditions, by changing temperature, solvent and acid-catalysts, were studied to improve the selectivity of Pictet-Spengler reaction. [16] [17] [18] [19] [20] Other synthetic strategies used to influence the stereoselectivity of the Pictet-Spengler condensation include the use of chiral catalysts, 11 chiral auxiliaries, 13, 21 or optically active carbonyl compounds. 22 Amongst the variously substituted THβCs very few reports are available typically for 1,4-disubstituted THβCs and also for 1,1,4-trisubstituted THβCs. [23] [24] [25] We now report a highly diastereoselective method indole by using the same method furnished products 9-14 in good yields and in short time. The results are shown in Scheme 1 and 20 2-Thienyl 4, 11, 18 2-Furyl 7, 14, 21 3,4-Dimethoxyphenyl
Scheme 1
Further reduction of the nitro compound 8-14 using freshly prepared Raney nickel in methanol furnished the β-phenyltryptamines 15-21. In the case of the nitro compound 12, initial reduction of aromatic nitro group furnished product 22. After continuing the reaction for longer time, both the nitro groups were reduced to give 19 (Scheme 1).
To check the catalytic activity of glacial acetic acid for Pictet-Spengler cyclization initially the condensation reaction of amine 15 and cyclohexanone in the presence of catalytic amount of glacial acetic acid was carried out by refluxing in toluene to furnish a new compound 23 (Scheme 2, Table 2 ) in 91% yield. The spectral and analytical data was consistent with the structure 23 which was confirmed by DEPT experiment. In the 13 C NMR, signal at 52.3 was assigned to the spiro carbon C 1 which was absent in the DEPT experiment where all protonated carbons are seen. One CH at 40.8 for C 4 and five -CH 2 groups with one strong signal at 21.7 were observed in the aliphatic region of the DEPT experiment. This data supported for PictetSpengler cyclization in presence of glacial acetic acid. Table  2 ). Although spiro compounds are known to show dissymmetry, only one racemic product was expected, as the ketones used were symmetric.
To explore the stereoselectivity in the reaction, unsymmetrical ketones such as isatin, α-tetralone and 2-methylcyclopentane-1,3-dione were used for the Pictet-Spengler cyclization. Treatment of 15 with isatin in the presence of a catalytic amount of glacial acetic acid furnished a solid product.
1 H and 13 C NMR indicated it to be a single diastereomer of base 32 (Scheme 3).
The stereochemistry of base 32 was investigated using single crystal X-ray analysis, indicating the R, R configuration at C 1 and C 4 ( Figure 1 
Scheme 2
A literature survey revealed that there is a report for the formation of mixture of the two diastereomers of sulfate form of base 32 in a similar Pictet-Spengler condensation using sulfuric acid in water as a catalyst in 46% yield. In this report, 24 the major diastereomer was shown to have R,R configuration using 2D NMR of the mixture without isolating the individual isomers. However, in the present study using acetic acid as a catalyst we could achieve the formation of only one diastereomer of base 32 in 88% yield exclusively and also confirmed the stereochemistry of base 32 as R,R unambiguously using single crystal X-ray analysis. The sterically preferred spiro transition state (Scheme 3) having the trans arrangement of substituents at C 1 and C 4 in presence of glacial acetic acid as a mild acidic catalyst explained the exclusive formation of diastereomer 32. 
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Scheme 4
The report 2 of good biological activity for the hydrochloride of similar base without a substituent at 4-position led us to convert base 32 to the hydrochloride 34 (94% yield, Scheme 4). In the 1 H NMR of salts 33 and 34, the assignments of C 3 H 2 and C 4 H are different from those of base 32, as shown in Table 3 . In both the salts, the protons at C 3 are shifted downfield due to the proximity of quaternary nitrogen. The C 4 H appeared as a dd with J = 6.1 and 12.1 Hz as Ja,e and Ja,a, respectively showing coupling with two protons at C 3 . This indicated the axial position of C 4 H in both the salts 33 and 34. However, in base 32 C 4 H appeared at 4.41 as a triplet, J = 6.7 Hz, indicating rapid flipping of the nitrogen containing ring in solution.
As compared to the chemical shift of C 4 H in base, this proton, being axial was shifted to up field position in both the salts. In contrast to this the stereochemistry of salts 33 and 34 was shown to be same as the base 32 as R,R using X-ray analysis (Figure 1 and 2) . The difference in the two results from 1 H NMR and X-ray analysis can be attributed to the solution state where rapid flipping is possible in 1 H NMR and rigid solid state in X-ray analysis.
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Figure 1. ORTEP diagram of base 32, sulfate 33 and hydrochloride 34 ellipsoids are drawn at 50% probability.
To generalize the stereoselectivity in the reaction using glacial acetic acid, the substituents at 1 and 4-positions were changed. Treatment of amino compounds 16, 17 and 20 with isatin and 15 and 16 with α-tetralone afforded products 35-37 and 38-39 respectively (Scheme 3, Table 2 ). The similarity in the 1 H and 13 C NMR of these products, with that of 32 indicated formation of only one diastereomer in each case. Subsequently, treatment of amino compound 15 with 2-methylcyclopentane-1,3-dione, under the same conditions led to formation of a new product in 89% yield. The spectral data was not consistent with the expected structure. Even the attempts for cyclization using strong acid TFA were unsuccessful (Scheme 5). Thus single crystal X-ray analysis was used to assign structure 40 to the new unexpected product (Figure 3 ). The formation of compound 40 can be explained by bond isomerization in the imine intermediate to achieve the stable conjugated system. 
Conclusions
In conclusion, catalytic activity of glacial acetic acid in Pictet-Spengler reaction has been demonstrated using symmetric ketones like cyclohexanone and cyclopentanone which furnished new spiro products. Using the same catalyst with unsymmetrical ketones, such as isatin and tetralone, one diastereomer of new THSβCs resulted exclusively. The structures of the base 32, sulfate 33, and hydrochloride 34 were confirmed using single crystal X-ray analysis, from which the absolute configuration of the products 32, 33 and 34 was confirmed as R,R. Thus, in the present study a diastereoselective and high yielding method for the synthesis of THSβCs was established using glacial acetic acid.
Experimental Section
General. Melting points recorded are uncorrected. All solvents were of reagent grade and, when necessary, were purified and dried by standard methods. Commercially available glacial acetic acid (from Merck) was used. Reactions and products were routinely monitored by thin layer chromatography (TLC) on silica gel (Kieselgel 60 F254, Merck). Column chromatographic purifications were performed using 60-120 mesh silica gel. Visualization was made with UV light (254 and 365nm) or with an iodine vapor. IR spectra were recorded on Shimadzu 8400 instrument.
1 H NMR (300 MHz) and 13 C NMR (75 MHz) spectra were recorded on Varian
Mercury instrument using TMS as internal standard. 1 H NMR peaks expressed as s, bs, d, dd, t, m correspond to singlet, broad-singlet, doublet, doublet of doublet, triplet, and multiplet, respectively. Mass were recorded on Shimadzu QP 5050. Elemental analyses were recorded on a Vario EL III elemental analyzer instrument.
General procedure for Michael addition of indole on nitro olefins and further reduction to β-substituted tryptamines A mixture of indole (2.4 mmol) and nitro olefin (2 mmol) was loaded on silica gel (60-120 mesh, 0.25 g) and heated in silica gel bath at 150 o C. After the reaction was complete as judged by TLC, the same silica gel was loaded on a silica-gel column. Chromatographic separation using hexane/ethyl acetate (9:1) furnished the products 8-14. The β-Substituted tryptamines 15-21 were prepared using reported 25 procedure.
General procedure for the Pictet-Spengler cyclization
The mixture of the amino compound 15-21, (2 mmol), ketone (8 mmol), and glacial acetic acid (0.1-0.5 equiv.), was heated at 120 o C in dry toluene under nitrogen atmosphere in a Dean-Stark apparatus for 7.5-18.5 h. The heating was continued till the full consumption of the amino compound. Completion of the reaction was confirmed by TLC. The reaction mixture was diluted with ethyl acetate, washed with 10% NaHCO 3 and brine. The combined organic layer was dried over sodium sulfate and the solvent was evaporated under reduced pressure. The crude product obtained was submitted to column chromatography using hexane/ethyl acetate to give the products 23-32 and 35-40. 4-(3,4-Methylenedioxyphenyl)-2,3,4,9-tetrahydrospiro[β-carboline-1,1′- 4-(2-Thienyl)-2,3,4,9-tetrahydrospiro[β-carboline-1,3′-indol]-2′(1′H)-one (37) 
